In this paper, the problem of exponential stability for neutral system with time-varying delay and nonlinear perturbations is investigated. By using the technology of model transformations, based on a linear matrix inequality (LMI) and a generalized Lyapunov-Krasovskii function, a new criterion for exponential stability with delay dependence is obtained. Due to a new integral inequality, the result is less conservative. Finally, some numerical examples are presented to illustrate the effectiveness of the method.
Introduction
Time delay is frequently viewed as a source of instability, and it is encountered in various engineering systems such as electrical circuits, chemical processes, networked control systems power systems, and other areas [, ] . Current efforts on the problem of the stability of time-delay systems can be divided into two categories, namely delay-independent criteria and delay-dependent criteria. A number of delay-independent sufficient conditions for the asymptotic stability of delay systems have been presented by various researchers (for example [] ). Also a few delay-dependent sufficient conditions have been shown in [, ] . So the problem of robust stability analysis for time-delay neutral systems is important both in theory and in practice and is of interest to many researchers; see [, ] and the references therein.
Recently, many researchers have paid a lot of attention to the problem of robust stability for delay systems with nonlinear uncertainties [, -], and many methods have been proposed to deal with nonlinear uncertainties (see for example [, ] ). For instance, by using a descriptor model transformation and decomposition technique, some delay-dependent stability criteria are obtained in [] . In [] the stability conditions are developed by a descriptor model transformation technique, and the nonlinear uncertainties are handled by the S-procedure. However, these results are only concerned with asymptotic stability, without providing any conditions for exponential stability and any information as regards the decay rates.
As is well known, exponential stability converges faster than others, so the issue of exponential stability for some systems with time delay has received considerable attention ©2014 Ma and Zhu; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Based on the above, the exponential stability of neutral system with nonlinear uncertainties is discussed in this paper, and by employing a Lyapunov-Krasovskii function, the LMI method, and a new integral inequality, a sufficient condition for exponential stability of the system is provided. Finally, some numerical examples are presented to illustrate the effectiveness of the method.
System description and preliminary lemma
Consider the neutral system with delay and nonlinear uncertainties described by 
) are nonlinear uncertainties and satisfy the following conditions:
Letẋ(t) = y(t), then system () is equivalent to the following:
Definition  Consider the linear system (). If there exist two scalars ε >  and γ ≥  such that
and we let
where ε is called the exponential convergence rate.
Before proceeding with the main results, several lemmas are necessary.
Lemma  For any symmetric positive-definite constant matrix R
that the following integration is well defined, then we have
where
Remark  Lemma  will play a key role in the derivation of a less conservative delaydependent condition.
Lemma  [] Let U, V , W , and M be real matrices of appropriate dimensions with
for all V V T ≤ I, if and only if there exists a scalar ε >  such that
Main results
Theorem  For the prescribed scalar d  > , system () is globally exponentially stable with a convergence rate, if there exist positive-definite matrices P = 
Proof Let us consider the Lyapunov functional candidate to be
F(t, s) ds, with F(t, s) = sup
s≤ξ ≤
Then the time derivative of V (x t ) along the solution of system () giveṡ
V (t) =V  (t) +V  (t) +V  (t) +V  (t) +V  (t) +V  (t),
By Lemma , we geṫ
Since
by Lemma , we get
Define the extended vector
If < , that is to say,V (t) < , then based on the Lyapunov method, system () is asymptotically stable, that is to say, system () is asymptotically stable. http://www.advancesindifferenceequations.com/content/2014/1/44 Furthermore, we prove the exponential stability of the neutral system (). Now, it is easy to see from () that there exists a scalar λ  >  such that for any t,
Moreover, by the definition of a Lyapunov functional, there exist positive scalars λ  , λ  , λ  , and λ  such that for any t we have the following inequality:
To prove the exponential stability of system (), we define a new function by W (t) = e εt V (t), where the scalar ε > . Then, we find that for any t,
By interchanging the integration sequence, we get
Let ε >  be small enough such that
Then, substituting () into () shows that there exists a scalar β >  such that, for any t,
It can be seen that
From Definition , x(t) has exponential stability, that is, system () has exponential stability. This completes the proof. http://www.advancesindifferenceequations.com/content/2014/1/44 [2] 0.7400 [16] 1.6100 [19] 1.7200 [17] 2.6000 Ours 3.1500 
Numerical examples
Example  Consider the following neutral time-delay system []: Using the Matlab LMI Toolbox and Theorem , we obtain maximum allowable upper bounds of d  , which are listed in Table . Table  describes maximum allowable upper bounds of delays that guarantee the exponential stability of system (). It can be seen that our stability condition is less conservative than the results discussed in [, , ].
x(t) = Ax(t) + Bx t -d(t) + Cẋ t -d(t) + G  f  t, x(t) + G  f  t,ẋ(t)
Example  Consider the asymptotic stability with ε =  of a system with time delay and nonlinear uncertainties in [-, , ]: By applying our criteria and using the Matlab LMI Toolbox, we have the comparative result listed in Table  . From Table  , we can see that our results are much less conservative than those in [-, , ].
Conclusion
The exponentially stability of a neutral system with nonlinear perturbations has been solved in terms of the LMI approach. Using the Lyapunov-Krasovskii functional method,
